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INTRODUCTION
The wide variety of crops grown in New Jersey requires the application of numerous pesticides. Considerable research has been conducted to assess the effects of pesticides on ground water, but minimal information is available on concentrations of pesticides in surface water used for public supply. A reconnaissance study was conducted by the U.S. Geological Survey (USGS) in 1990 to investigate application rates of pesticides in New Jersey (Ivahnenko and Buxton, in press ). Surface-water samples from six drainage basins were analyzed for the presence of pesticides from agricultural runoff. Results of analyses showed that pesticides were present, but only one compound in one stormflow sample was present in a concentration that exceeded the U.S. Environmental Protection Agency's recommended Lifetime Health Advisory Limit (U.S. Environmental Protection Agency, 1991).
The potential toxic effect of agricultural pesticides in surface water is an environmental and health concern for the New Jersey Department of Environmental Protection and Energy (NJDEPE). In addition, effective January 1993, the U.S. Environmental Protection Agency (USEPA), Office of Drinking Water, imposed strict regulations to protect public water supplies from pesticide contamination (U.S. Environmental Protection Agency, 1989).
In response to these new regulations, the USGS, in cooperation with the NJDEPE, conducted a study to assess the vulnerability of public surface-water supplies to pesticides. The purpose of the assessment study was to compare water-quality data for the Millstone and Shark Rivers with a recently developed numerical vulnerability index that assesses the probability of contamination of the surface water in the basins by agricultural pesticides. The vulnerability index is based on three variables for each basin-percentage of agricultural land in the basin, pounds of pesticides applied per square mile in the basin, and soil surface loss potential (a unitless measure). The soil surface loss potential, which is a rank of the relative potential loss of pesticides from the soil into surface water (Goss, 1988) , was obtained from the U.S. Department of Agriculture, Soil Conservation Service (1992) .
This report presents the results of water-quality analyses of 17 base-flow and 40 stormflow samples collected during the surface-water assessment study of the Millstone River Basin and the Shark River Basin in central New Jersey during March-September 1992. Data on stream discharge, temperature, specific conductance, pH, and concentrations of detected pesticides are listed in tables. Statistical summaries of data for the two sampling sites also are presented.
Description of the Study Area
The Millstone and Shark River Basins are located in central New Jersey ( fig. 1 ). Surfacewater intakes, which divert water for public supply, are present on both rivers. These intakes were operated by purveyors during the sampling period, from March to September 1992.
Millstone River Basin r\
The Millstone River drains an area of 278 mi . Agricultural land is widely dispersed and comprises 54 percent of the basin ( fig. 2 ). Two manmade surface-water bodies, the DelawareRaritan Canal and Carnegie Lake, lie within the basin boundaries. The Millstone River extends about 36 mi from the headwaters at Sweetman to the discharge point at the Raritan River near Manville. Annual mean discharge recorded at the Blackwells Mills gaging station (station number 01402000) during water years 1922-91 was 378 f^/s (Bauersfeld and others, 1991) . (A water year is the 12-month period from October 1 through September 30. It is designated by the calendar year in which it ends.)
Shark River Basin
The Shark River Basin is located in east-central New Jersey near the Atlantic Coast and r\ drains an area of about 10 mi . Agricultural land is located primarily in the central part of the basin and covers 14 percent of the land area ( fig. 3 ). The reach of the Shark River used in this study is the portion upstream from the surface-water intake. This reach extends about 8 mi from the headwaters in Reevytown to Glendola, where the river widens. The river flows about 3 mi beyond Glendola and discharges into the Atlantic Ocean near Belmar ( fig. 1 ). Annual mean discharge, recorded at the gaging station near Neptune City (station number 01407705) during water years 1967-91, was 14.6 ft3/s (Bauersfeld and others, 1991) .
Sample-Numbering System
The numbering system for samples collected during the study was developed by project personnel. The first letter is the site code, M for Millstone River and S for Shark River; the second letter is the type of discharge, B for base flow and S for stormflow; the first digit is the number of the base-flow or stormflow event; and the digit following the dash is the sequence number of the sample collected during a particular event. For example, MS 1-5 is the fifth sample collected during the first stormflow event sampled on the Millstone River. Rgure 3.~Locations of public-supply surface-water intake, gaging station, sampling site, and agricultural land in Shark River Basin.
METHODS
The following section describes the sample-collection procedures, sample processing, and laboratory analysis of the samples.
Water-quality samples were collected from and measurements were made at the Millstone River about 4 mi downstream from Blackwells Mills at the Wilhousky Street bridge in Weston. Samples were collected from and measurements were made at the Shark River at the gaging station at Remsen Mill Road in Remsen Mill.
Sample Collection and Processing
Samples were collected at Weston on the Millstone River from March 9,1992 , to September 30,1992 , and at Remsen Mill on the Shark River from March 9,1992, to September 29,1992. Samples were collected at both sites on March 9,1992, to determine background concentrations of pesticides prior to the pesticide-application season. During the pesticideapplication season, April through September (with variations based on moderate climatic changes), base-flow and stonnflow samples were collected to determine ranges in pesticide concentrations for a variety of flow conditions. Base-flow and stonnflow samples were collected with a DH-59 depth-integrating sampler, by using bridge suspension techniques as described by Guy and Norman (1970) and Ward and Harr (1990) . Specific conductance, water temperature, and pH also were measured at both sampling sites.
Prior to sampling and upon return from the field, the sampling equipment was cleaned and decontaminated according to established USGS protocols as documented by Ivahnenko and Buxton (1993) . Quality assurance (QA) was maintained by submitting duplicate samples and trip blanks for analysis.
Dissolved pesticides were recovered onto 3M1 EMPORE extraction disks. The disk conditioning and sample extraction from disks were completed by following the protocol that the manufacturer included in each box of disks. Three minor modifications were made to the procedure:
1. A 0.45-micron pore-size silver membrane pre-filter was used to remove suspended material.
2. Twenty milliliters of pesticide-grade methanol was used to pre-wash the combination of prefilter and disk.
3. The samples were pressure-filtered by using high-purity nitrogen at less than 30 lbs/in2 rather than vacuum-filtered. n-Sulfenylphthalimide Captan
Benzonitrile Chlorothalonil 1.00
1.00
Laboratory Analysis
All samples were analyzed at the Rutgers University Food and Science Department Laboratory in New Brunswick, New Jersey. The water-quality samples were analyzed for 20 pesticides by using gas chromatography/chernical ionization mass spectrometry (GC/CIMS) (table 1). Sample-extraction procedures and analytical methods for GC/CIMS are described in Mogadati and Rosen (1992) .
WATER-QUALITY DATA
Results of water-quality analyses of samples from the Millstone River and the Shark River are presented in tables 2 and 3, respectively. The data are listed by date and time of sample collection and are preceded by the sample number. Discharge measurements were obtained from records of the continuous water-stage recorder at each gaging station and are reported in cubic feet per second. The data include water temperature, specific conductance, and pH.
Results of analyses of water samples from the Millstone River, including 8 base-flow samples collected on 8 different days and 24 stormflow samples collected during 4 storms, are listed in table 2. QA was maintained by analyzing one trip blank with the base-flow samples, and three trip blanks and two duplicate samples with the stormflow samples. Only 4 pesticides of the 20 determined alachlor, atrazine, metolachlor, and simazine-were detected in samples from the Millstone River. Concentrations of the four pesticides were below the U.S. Environmental Protection Agency's recommended Lifetime Health Advisory Limits (U.S. Environmental Protection Agency, 1991).
Results of analyses of water samples from the Shark River, including 9 base-flow samples collected on 9 different days and 13 stormflow samples collected during 3 storms, are listed in table 3. One duplicate sample and one trip blank also were analyzed with the stormflow samples to maintain QA. No pesticides were detected in the samples from the Shark River.
Statistical summaries of selected water-quality data for the Millstone River and the Shark River are shown in tables 4 and 5, respectively. The statistical data are listed by water-quality characteristics and constituents for base-flow samples, stormflow samples, and combined baseflow samples and stormflow samples. The Millstone River data indicate more pesticide detections during stormflow than during base flow. With the exception of simazine, concentrations of pesticides were higher, on average, in stormflow samples than in base-flow samples. Because no pesticides were detected in samples from the Shark River, only water-quality characteristics measured in the field are listed in table 5. 
